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1. Principal Investigator (give title and degrees): 

John R. Daniels, M.D. 

Assistant Professor of Medicine 

2 , Institution & address: 

Stanford University 
Stanford, California 94305 



3. Department(s) where research will'be dbne or collaboration provided: 

Department of Medicine 
Department of Radiology 
Department of Pathology 

4 . Short title of study: 

Interstitial Fibrosis of the Lung. Development of a Mouse Model System 


5. Proposed starting date: January 1, 1974 

6. Estimated time to complete; Three (3) years 

7. Brief description of specific research aims: 

The specific goals of this study may be summarized as follows: 

1. Characterization and 1 comparison of lung collagens and the collagen of fibrosis 

a. Isolation by chromatography 

b. Cyanogen bromide peptide maps and amino acid analysis 

2. Evaluation of therapeutic intervention in lung fibrosis 
■ a. Lathrogen (BAPN) 

b. Corticosteroid 

3. Refinement of the model of lung fibrosis following radiation injury 

a* Improvement of reproducibility by attention to bacteriologic control 

b. Development of a reliable and sensitive biochemical measure of pathologic 
fibrosis 

c. Detailed correlation of morphologic, biochemical and functional alterations 
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8. Brief statement of working hypothesis: * • . 

• It is proposed to study a model of pulmonary radiation fibrosis in mice. Observed .-3 
structural changes will be correlated with measurements of functional capacity and de- 
tailed biochemical analysis. These correlative studies should’provide the background 

t " r ;for systematically exploring therapeutic manipulations. Initial experimental questions":^ 
w J v >clude the following: • 

I) • The time course and radiation dose relationship for the development of fibrosis 
” " w iH he determined. , , 

Biochemical measures of total collagen content will be assessed and : correlated 1 with * 
pathoiegic appearance. ' 

3 ) Pulmonary function (measures of compliance) will be obtained and an attempt made to / 

' correlate microscopic, functional and biochemical changes. ’ \v•.’.«&*- 

V>j|f^ : 'The therapeutic effects of modifications of collagen synthesis will be explored' looking‘s 
at survivorship, morphology, compliance and the biochemical expression of fibrosis. A 
biochemical, structural description of lung collagen will be undertaken and compared with 
-vfK^-vthe collagen involved during pathologic fibrosis. 

.VS?#* 

■ ■ • ••'• • •• • 

Details of experimental design and procedures (append extra pages as necessary) * /_ 

T ' t *" fc ' * 

•^^ee appended pages ... . • 
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10. spoce and facilities available (when elsewhere than item■ 2 indicates, state location): 



■) 


Personal laboratory space is 400 square feet of standard dbsign. It is generally well 
equipped and well stocked* Common equipment facilities and controlled temperature rooms 
axe in adjacent space. Personal and common equipment capabilities include extensive 
column chromatographic equipment, spectrophotometer, recorder, pH meter, flash evaporator, 
C0 ? incubator, laminar flow hood 1 , preparative and analytical ultracentrifuges, scintil¬ 
lation counters, amino acid analyser, high voltage electrophoresis, acrylamide gel elec¬ 
trophoresis, sonifier and a variety of partition chromatographic apparatus. Animals 
will be housed (as noted' in Methods) in a new barrier facility under strict bacteriolo¬ 
gical control. 





11. Additional facilities required: 


• None 


3 

12. Biographical sketches of investigator(s) and other professional personnel (append): 

See appended pages 

13. Publications: (five most recent and pertinent of investigator(s); append list, and provide reprints if available). 

See appended pages 
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R: REDACTED MATERIAL 



\4. First year budget: 

A. Solarie* (give names or slate "to be recruited") • 

. Professional (give % time of investigators) 

^ ‘even if no salary requested) - 

, DANIELS, John R. - Principal Investigator 
BROWN, John Martin - Co-Investigator 
" FAJARDO, Luis F. - Co-Investigator 


^ Trr >.'v y . - rK —Wy mg 

* . . . • r? < -v 

% time Amount > - " • **" 1 


35 

10 

2 


Technical 

To be recruited - Research Technician 
To be recruited - Dishwasher 
To be recruited - Secretary 


100 

20 

20 


O 

d 

3 

U* 

rvJ 


FRINGE BENEFITS 


« . ' Sub-Tota!i for A 

B. Consumable supplies (by major categories) 

Animals ($4,500. See attached Budget Justification) 

Chemicals 

Glassware 

Disposables 

Chromatographic Supplies 


Sub-Total for fl $ 7,000. 


C. Other expenses (itemize) 
Maintenance Contracts 
Travel 


600. 

1 , 000 . 


Publication Costs 


300. 


Histologic Preparations 


Sub-Total for C 


1 , 000 . 


$ 2,900. 


D. Permanent equipment (itemize) 

Amino Acid Analyser Automation 
UV Monitor with 1 310 my capability 
Fraction Collector 
Recorder 

Constant Temperature Circulator 
Pump (2) 


Running Total of A 4* B + C _ $34, j71^ _ 

5,000. 'll 7 J 

3,000. 

1 , 000 . c \^ 

700. ' 

700. 

600. 


E. Indirect costs ( 15 % of A+B+C) 

15. Estimated future requirements* , 

_ Salaries Consumable Suppl. 

Yeaf2 REDACTED $ 7 .° 00 - 

Year 3 $7,500. 


Other Expenses 

$3,100. 

$3,300. 


Sub-Total 1 for D 

E 


Total request 


$ 11 , 000 . 

5,245. 

$51,216. 


Permanent Equip. Indirect. Costs Total 

O' _ $5,523. $42,344. 

0 $5,884. $45,112. 
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16. Other sources of financial supportt 

List financial support from all'sources, including own • institution, for this and relbled research projects. 

C 


CURRENT1Y ACTIVE 




Title of Project 

Source 

(give grant.numbers) 

Amount 

Inclusive 

Dotes 

| 

'-v./ 

Mammalian Collagenase and 
Basement Membrane Collagen 

NIH #AM 14896-03 

$26,177. 

2/1/73 - 1/31/74 

-.W-v.* 

• 






PENDING OR PLANNED 




Title of Project 

Source 

(give grant numbers) 

Amount 

Inclusive 

Dotes 


Cancer and Bone Metabolism 1 

j American Cancer Society 

$132,903. 

1/1/74 - 12/31/76 

C 

Laboratory Studies: Sup¬ 
port of Clinical Cancer 
Center (Program Project 
Grant Application) 

NIH/NCI 

$700,245w 

1 

1/1/74 - 12/31/7$ 

| 


It is understood thot the investigator and institutional 
officers in applying for a grant hove read and accept 
the Council'* "Statement of Policy Containing Conditions 
and Terms Under Which Project Grants Are Made." 


Checks poyoble to 

snneth D. Cre ighton 


Principal investigator 

Typed Name John R * Daniels 

Signature 

Telephone ^- 4!i S 



^Deputy Vice President for Business an^ 

., , . , Finance 

Mailing address for checks 

Stanford University _ 

Stanford. Calf f ornla 9 4305_ 


Ar«« C»<J* N«mb*r 

Responsible officer of institution 
Typed Name Kathleen. C-— B i ltliCt. 
Title_ 


Signature _ 
Telephone - 


Sponsored Projects Officer 

C> 


Date 6 / ^ / ?3 
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321-12D0 1 5878_ 
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f ', ‘‘ Budget Justification ~ 

-dS^Sit 4 **' ’ ' •'*•• ‘ . . •••*..' .* ’• U.t .'.gSp S aB 

ssai& 1 ■ Personnel 

'Pit’rtW*.;, Salary increases of 5.5% per year are calculated. . 

In 1 accordance with University policy, salary support for Dr. Daniels is requested/^ 
w&l&vj'at a fractional level commensurate with anticipated effort. No support is requested'^® 
Drs. Brown, Fajardo, , • . • - '-.C^hS^E 

' A research technician is budgeted to assist in irradiation of animals, preparation 5 
■^fCof tissues and all of the biochemical studies. A part-time equivalent secretary isjj^fl 
budgeted to purchase supplies, keep books and type correspondence and manuscripts re-'|« 
-l^^lated 1 to this proposal. A part-time equivalent dishwasher is budgeted for washing '$S§| 
lass ware. - ' . ^ 

Capital Equipment ‘ ; 

Chromatographic equipment. Biochemical characterization of collagen (see Methods^ 
of Study) will involve extensive column chromatography of peptidies requiring monitoring 
'Va’$v.i n t ^ e ^ ar uv C310 mu to 330 mu). The funds will cover purchase of spectrophotometer^ 
flow cells, recorder, pump, fraction collector and constant temperature circulator. 

^ Amino acid analyser automation. Upgrading of an existing analyser will accomodate 




Su ~ 



The cost of animals is a function of the large number which we anticipate using*'as^ 


well as the cost of maintaining barrier conditions for bacteriologic control. 
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• INTERSTITIAl» FIBROSIS OF THE LUNG. DEVELOPMENT OF A MOUSE MODEL SYSTEM 




Introduction 




The characteristic pathologic expression of several human disease states 

• . results from unfavorable proliferation of connective tissue (Rhodin, 1967). vs$§g 

- ’ - - 

nI n 1 such cases scarring of the organ rather than parenchymal cell destruction 1 ''fife 
results in diminished functional capacity. There are several examples of this "M 
^ human parenchymal, disease, but among the most common clinically is intersti-^ 
tial pulmonary fibrosis (Spencer, 1968). Similar alterations in other organs \is$j 
'TZV‘ : \u£* include contractures of skin following chemical or thermal destruction (Peacock -'J 

y y ^ ^ r \ ***v«v2£&_ 

Jet al., 1968), the immobilization by fibrotic adhesions of reconstituted tendons /^ 
esophogeal' stricture following chemical irritation (lye ingestion or gastric 
reflux) (Davis, 1971), and hepatic cirrhosis with portal 1 hypertension (Orloff 
:~C ~;et al., 1967; Rubin and Hutter, 1967). Interstitial fibrosis of the lung results ‘3 
from limited injury which may be caused by infection (bacterial 1 , viral, myco- -«»?*« 


.tyi’^infjvv plasma,- richettsia), dusts, chemical irritation, circulator)' abnormalities, 
.radiation and perhaps immunologic median isms (Spencer, 1968). 


«!>v 

' _?T<r 

Fibrosis may fol- 

k'c* ^ /■* **’*■'. « * .. 

i from several different sites of primary injury: 1) organization of intra- 

C , •;** alVeolar exudates as seen following lobar pneumonia; 2) alveolar epithelial 

» *' 4 * • • r x&M 

" damage as seen following accretion of dust within macrophages, penetration of - 

’ ' alveolar epithelium with fine dusts or as a consequence of hypersensitivity re- -.VK 

* -* ** Y : . - . 

' - v T actions; 3) alveolar capillary damage as seen in sclerosing alveolitis, rheu- 7‘ 

\\ * * ' * 

matoxd disease, systemic sclerosis and radiation injury (see below); and 4) ^ 

chronic lymphedema as seen in mitral stenosis. - / * ' * * - * , 

^'4 Fibrosis as a late manifestation of the response to radiation injury is 

• readily apparent in several tissues and may be the dominant mode of toxicity. 

-"Y-V'-y Among those tissues in'which these radiation induced alterations are of clin- « • ; 

' ical importance are lung (Bennett et al., 1969), myocardium^ pericardium yS 

• (Steward et al., 1967; Fajardo, 1970) and bowel. 

Pulmonary radiation fibrosis is readily produced in experimental animals ' ^ 

(Jennings and Arden, 1961; Jennings and ATden, 1962). It thus serves both as a ' 

specific model for the commonly encoutered clinical problem of radiation injury 

• ... and as a general model to study pulmonary fibrosis and by extension the problem ; -< 

. * - k i‘. yu ’ 

of pathologic fibrosis in all tissues. Work to date has primarily been descrip-•' *2?® 
tive. We propose to extend these studies by correlating observed 1 structural ^ 

rflflTlffnc Ufi wanciiromonf'c rtf fnnrtf-i nrtial As%+> *% ■! 1 
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‘Iftsfei&C&vi- 'vV-* • • ••- • ■■ • ••'•■■ 'a •• 7" •' ••; iJ Y ': f • : . 

' ' 7 . , ■;• - •■ -*'*• : -*"■•;■•'•••• •*- •'. • -. • • • i-■j&iViSlri 

orin C potential therapeutic manipulations. Several direct experimental 

^^^^W^|’-q Ues tions will be proposed initially: 1) the time course and radiation dose 
,^1;^ relationship for the development of fibrosis will be determined: 2) biochemi-*' 

*^- v>'V? • ■ **• * . * - . ^ - - ... * ». c..->~a£ri& 

K-, ^ffifcal measures of total collagen* content will be assessed and correlated 1 with 

^ 

pathologic appearance; 3) pulmonary function (measures of compliance) 

. * , . t * • : . i 'j*. . . .. . * „ 

will be obtained and an attempt made to correlate microscopic, functional and - 

^ ^ ^ * * * ' V v * * r .***-«*• ( J 

^V/.ibiochemical changes. The therapeutic effects of modifications of collagen 

■ * •- ... 1 *. - * ** ^.^£3 

^synthesis will be explored looking at survivorship, morphology, compliance and 
yfevthe biochemical expression of fibrosis. A biochemical, structural description 
g'of lung collagen will be undertaken and 1 compared with the collagen involved ‘ 

*- r * , ■ 3 j‘. J 

. ' v,=. 





Background 

^^J^^t^Pulmonary Morphology Following Radiation Injury 

. 34Vf<- r '7 ' v 



ca.H recognltion o£ pulmonary injury by therapeutic radiation dates' ^ 

t° 1898 (Bergonie and Tessier, 1898). Early reports emphasized compromised 

^ffi?^^^w v P^ linonar y function, increased densities on chest X-ray and fibrosis on autopsy 

pecimens (Hines, 1922). In a review of material obtained from an NIH Coopera!— 
*. ..*••* ***-' * - . r . .. 

( ♦ ;SiSf .tivetung Study (Bennett et al., 1969), in 6 of 72 examined specimens the pa- 

wer ^ thought to have died with radiation pneumonitis as the immediate ^ 

r major contributing cause of death. No single pathognomonic morphologic- 

f ’Vv>;j' t■" ^ 7 * '■>** * . *‘ ”.* -» * 1 ..V' ^ t ^ „ 1 

feature was identified by examination 1 by light microscopy. The diagnosis was 

.-u- 7 . . a,. .‘o.-XL -,r^- - ... . «• . ..... 

•* made from a c.nmbinat-? on nf alvpnlar cpntal t-Vii /-V- pni n n 1 faV'O#* ■? an/1 A W v 



v^.* ceived as the most specific change for radiation injury. Alveolar septal 1 S 

J i C* t t f •** * ■- .*>•*"' ■* . » - ,-V *. * ■*. v *v , < • .1 

c /. thickening initially consisted of edema and mononuclear infiltrate which then 

.v ,* * ,.- - .-•*■*«' ^ . 

- evolved to fibrillar thickening and eventually to dense collagenization. Small 
'** 4rt V'/ vessel alteration has included capillary obliteration, thickening of arterial 
" • *. walls and fragmentation of elastica in larger^^vessels. ’'5^..'* It' 

, • • - * _ *, .'i *■• ‘ ‘ l '■* . ^ ' .S4- 

- .'-V*.. ^ ‘ v * In general, these alterations have been reproduced 1 in experimentally ir- 


v... 


5C»;;^,? adiated rodents (Jennings and ATden, 1961, 1962)* but refined understanding of *f. 

^ ^ ‘ - '* ■ / TJ- /k. t/r** 

-tne precise sequence of events has been hampered by several clinical and exper- 
'^S^fei®ental difficulties:tfl) limitations*of ^oiution'of^i^?S3»MOT^ 



variation: 

radiatioOas^ gesteg! 
nflue’nce 
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-.uneven ventilation and variations in 0 ^ tension; and 6 ) in humans, underlying 
coexisting pulmonary disease. • . 0 / : *$?; 

Elegant electron micrographic studies have more recently emphasized pri- * 

. , ’ 
mary vascular endothelial injury (Phillips, 1966; Phillips, 1973; Adamson et .* -? 

al., 1970). The description that follows is derived primarily from Adamson et 4 

s al.: Within the first week after 600 rad total body irradiation, vacuolation * ^ 
* . .. * , "<** 
of capillary endothelial cells occurs with balooning of cytoplasm into the ' ,/L‘ 

capillary lumen. Subendothelial swelling separates the endothelial cell from .’,f 

the supporting basement membrane. The epithelium of Type I squamous and Type ^ 

II cells with lamellar bodies remains relatively unaffected 1 . The endothelial ;. v 
- ' ' - •• • - h 

vacuolation so stretches the cytoplasm that capillary lumen become occluded', '*'■* 


‘■vjWfr 








and by ten days the basement membrane may be completely stripped of the over- 
lying endothelium* Platelet thrombi attach to the denuded basement membrane 




■% ' ft vf> » 


by two weeks. At this time minor alterations in epithelial cells may be ap- 
predated. Fibrin is deposited within the platelet thTombus, and organization 
with fibroblasts and subsequent deposition of collagen follows. 


Biochemistry of Fibrosis. Collagen Chemistry and 'Crosslink Formation ■ - 

Research concerning the biosynthesis of scar has centered on collagen g.’Vv 
metabolism since it is the principal 1 extracellular protein synthesized during 23' 
active fibrosis and since collagen fibers are the predominant material in scar y*f- 
. (Ramachandran, 1967). The maturation of collagen involves the progressive 5S 
loss of solubility by extensive crosslink formation. It is appropriate to re- U ;] • 
view fundamental collagen chemistry and'the mechanism of crosslink formation.- 

; «■ 

(Traub and Piez, 1971; Gallop et al., 1972). . 

The molecule is an asymmetric rigid rod with dimensions of 15 A x 3000 1 A. 

’nVl'rt* 

Each molecule consists of three polypeptide chains each of which contains ap- 

■ * * r * * t tS. 

proximately 1,000' amino acid residues. Throughout the course of most of the 
molecule, polypeptide strands are arranged in the unique collagen helix pattern. 

In each polypeptide chain every third residue is glycine. These glycyl resi- 
dbes occupy the axial plane. Individual collagen molecules form fibrils by , 

precipitating in a linear quarter-stagger array. Fibril formation proceeds 
spontaneously in the extracellular space under physiologic conditions. Cross- • w '" 

' k ^ * *' ' 

link formation is an important element in fibril stabilization. Crosslinks . '• 

« U-* 

exist within each molecule between the polypeptide chains in the non-helical 
amino terminal portion. Intermolecular crosslinks within the fibril are much 
more extensive but somewhat less well understood. TTicse crosslinks iink many 






Source: https://www.industrydocuments.ucsf.edu/docs/rhplOOOO 





vH y< 1 


■-.(Kvj:-- 


cross) inking has been veil studied in orgrns such ;:s skiuv and bone. The * V-\wJ 

. ,»s £rvTp55@> 

e-amino group- of specific Jysyl residues, predominantly there in the amino- 

terminal region, undergo enzymalic oxidative dcauination (a]lysine oxiclase) 

' ‘ • '•> 
to the c-omirio aildpic-d-seninlWehydc. Cross Jin'.s arc formed 1 v.hcn modified ' '-■yt&x' 

residttes on adjacent chains undergo aldol condensation reactions or when . .1 -;-^ b£ 

Schiff base formation takes place between ? modified lysyJ or hydroxylysyl 

residue and one which Has not been modified*with another amine. These Schiff ,:¥Kg 

- VV^Im 

bases become stabilized by subsequent reduction. More recently a greater v^sya*. 


•.5*8S*fe 


• > -rtrav’h 


varietv of additional spontaneous condensations of aldehydes has been idea- 
tified-. The products of these condensations have been isolated from highly 


* V" 






cross linked collagen polymers and suggest the involvement within one complex 

crosslink of three lysines and one histidine from four separate polypeptide 

■ r ^ 

strands. These crosslinks may occur in the helical portion of the molecule, "'-JV^rVl 
but-their precise location is as yet unknown. The key initial reaction for . 

‘the formation of all crosslinks, both intjra- and in ter-molecular, involves the 
initial oxidative deamination of the e-amino group of lysine. This enzyme, ymt 
allysine oxidase, may be selectively inhibited by lathrogens. Tims crosslink 
formation can be blocked without affecting collagen- synthesis, collagen se- * 
cretion or spontaneous fibril formation. The paradigm compound g-aminopro- . 
prionitrile (8APN) has been demonstrated jui vitro spccifical'ly .to inhibit the -Pg 
enzyme allysine oxidase (Pinncll and Martin, 1968; Siegel et al., 197Q; Siegel '£~‘ 
and Martin, 1973). Chronic exposure of animals during growth to this compound . ~£) 

results in connective tissue of low tensile strength and high solubility. 

.\ 4> * . . - * v ,' 1 ’ r L *'■ 

. / . • , * ■ • * ■* j 

.' Biochemical Modification of Scar Formation 

. - . • >c* v.^tV- * 

Because of the central importance of collagen synthesis and crosslinking 

•v “ 

in fibrosis, scar formation and wound healing, there is wide interest in inves- rV . 

tigating compounds which may potentially manipulate collagen metabolism* The ‘ - 

most extensively studied method of altering collagen is. the use of lathrogens * 

such as $APM, and attempts have been made to use lathrogens to ameliorate the 

functional alteration associated with fibrosis in experimental animals and in 

human disease. Models in which early evidence of probable effcctivencss have 

* 4 
been obtained include silica-induced pulmonary fibrosis (Leveuc and Bye, 1964), 

carbon tctrachloride-induced hepatic fibrosis (Flume, 1962), and lye-induced x 

esophogcal stricture (Davis, 1971). Pilot clinical studies have not been as 


Biochemical Modification of Scar Formation 


rewarding. The hide-bound skin of scleroderma has not been- improved by the 

use of lathrogens (Kciser and Sjoerdsma, 1967), and while increased range of 

. ...... , - -— ... - — % * $* $*'**.'-/*'* 
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motion may be affected by lathrogcns following tendon repair, this beneficial 
effect has been lost when the drug is stopped (Peacock et al., 1968). 

A second method for the inhibition of collagen crosslimking has utilized - 
compounds which inhibit crosslinking by complexing with the aldehydes that 
are formed from allysine oxidase. D-Penicillamine is the model compound which 
has been used clinically (Harris and Sjoerdsma, 11966). Patients with systemic 
sclerosis have been' treated with relatively disappointing results. They may 
have slightly increased mobility of skin by special testing, but the progres¬ 
sion of disease is unaffected! (Fulghum and Katz,' 1968). 

A more recent major investigational pathway is the use of proline analogs 
such as azetidine-2-carboxyIic acid, 3-4-dbhydroproline, cis-hydroxyproline and 
4,5-dehydrolysine (Lane et al., 1971; Rosenbloom and Prockop, 1970)'. Effects 
on collagen synthesis with all these compounds have been recently investigated. 
The first two of these compounds are incorporated into the collagen molecule 
on the order of four residues per 1,000. They apparently inhibit extrusion of 
the collagen molecule from the cell so that formation 1 of fibrils is diminished. 
Some experiments indicate that these compounds decrease granuloma formation by 
as much as 50% when tested in the carrageenan granuloma modbl. 

The potential role of corticosteroids in the management of radiation lung 
injury is as yet unresolved. Inpatients acute pneumonitis may respond to cor¬ 
ticosteroids (Cosgriff and Kligerman, 1951'; Friedenberg and Rubenfeld, 1954; 
Ruben et al., 1958), and flares of acute radiation pneumonitis on occasion ap¬ 
pear to be recalled following withdrawal of corticosteroids which have been^ 
incidentally administered (personal observation). It is unclear,, however, 
whether corticosteroids will affect the development of fibrosis. Studies with 
animal models have been inconclusive (Brown, 1956) to a large extent because 
of infection (Stewart, personal communication). 


I 
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' Biochemistry of Lung Collagen 

Very little published information exists which specifically concerns lung 
collagen despite its obvious importance both in the normal structure of the lung 
and in the diseases in which a fibrosis reaction is prominant. Anatomic con¬ 
siderations lead to the prediction of at least three kinds of collagen: 1) col¬ 
lagen fibrils contribute to the interstitial matrix; 2) collagen of the carti¬ 
laginous type (Miller, 1972) is present in the bronchial skeleton; 3) the alveo¬ 
lar and capillary basement membrane may also be predominantly a collagen with 

** 

a unique structural gene analogous to basement membrane of renal glomerulus and • - 
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and lens capsule (Kefalides and Dcnduchis, 1969),. None of these collagens 
has been individually, cleanly isolated, and.no primary structural data is as 

,/^v*** 

yet available. In addition, it is not known whether the collagen seen in a *•*' 
pathologic fibrosis reaction shares the structural gene of the involved organ 
There are no studies which effectively deal with spontaneous rates of collagen 
turnover in the lung, and none which quantify collagen synthesis during per¬ 
iods of active fibrosis in the lung. . 

The specific goals of this study may be summarized as follows: ' v 

1. Characterization and comparison of lung collagens and the collagen of 

‘ fibrosis * ‘ „ 

“ * - •**'*”'* • ’ 

a. — Isolation by chromatography ' 

b. Cyanogen bromide peptide maps and amino acid analysis 

2. Evaluation of therapeutic intervention in lung fibrosis 

• a. Lathrogen (8APN) . 

.‘• v "‘b. Corticosteroid — 

3. Refinement of the model of lung fibrosis following radiation injury 
' ( • * . ‘ _ * 

j a. Improvement of reproducibility by attention to bacteriologic control 






b. 


c. 


Development of a reliable and sensitive biochemical measure of 
pathologic fibrosis 

Detailed correlation of morphologic, biochemical and functional 
alterations 



c> 


'Method^ to be utilized include: 

1. Techniques 

Radiation (supervised by Dr. J 1 . Martin Brown) 

Anesthetized mice (sodium pentobarbital, 67.5 mg/kg IP) will be placed in 
a jig which allows irradiation of six aminals simultaneously. The radiation * 
field will be right hemithoxax alone or entire thorax with midline shielding to 
protect the esophagus. Conditions will be 250 kv, 15 ma 1 , focused skin distance 
40.5 cm, added filtration of 0.25 mm Cu and 1.0 mm Al* HVL 1.1 mm Cu and a dose 
rate of 157 rads. All measurements are made with a Philips dosimeter calibrated 
against a standard Victoreen chamber (NBS calibrated)- A factor of 0.95 is used 
to convert exposure in roentgens to rads in tissue. / . . * ^ 

Bacteriologic Control and Animal Selection (supervised by Dr. J. Martin Brown) 
The animals used in these experiments will be specific pathogen free (SPF) 

In several reported studies (Brown, 1956; Kurohara and Casarett, 1973) as well^ 
as in our own preliminary work, microscopic changes aro characterized by great 


‘'Vr^ 
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7 ' - ' variation among animals in both acute inflammatory changes as well as degree 

; and distribution of fibrosis. It appears than an important variable may bo 

V l. - infection. Our preliminary studies have shown the for thorax-ir- 

radiated conventional mice to be approximately 1400 rads single dose. The 
comparable statistics elsewhere (Yuhas, 1973) is twice this dose when SPF 
mice axe utilized. We are in the process of building up stocks of SPF mice 
(C3H/Km, Balb/C, and C56BL/Ka). The procedure involves caesarian delivery 
tinder sterile conditions and foster nursing on SPF mice as described (Serrano, 

1971). Strict barrier conditions will be maintained for breeders. Animals . 
used 1 in experiments will be kept under less rigid conditions in cages with - 
filter tjops (Maryland Plastics, New York). All operations such as drug injec- 

tions and irradiation will be performed under sterile conditions in filtered, 

■ ■ '.-oftce 

laminar flow air. • 

Microscopic Evaluation (supervised by Dr. Luis Fajardo) 


V: ^ - 

* 0^***'i . 
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. .yt> * * 
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“ .r»V,r' 

--Dose/response curves for pathologic changes in morphology will be performed 
'*’• t>n unilaterally irradiated mice to avoid the systematic selection of minimally 


^ affected animals which results from studying survivors of whole thorax irradia- 
tion. 




4 ; 

.V\»- 


Mice will be treated at age 4 to 6 months. In initial studies mice will 
.be sacrificed by decapitation to minimize anesthetic induced changes. Lungs 
will be fixed in 10% buffered formalin and sections 4-6 ji thick will be stained 
.by hematoxylin and eosin as well as Gamori's trichrome method for connective ’ - 

-tissue. In initial experiments the'dose delivered will range from 600 to 3600 
; radis in a single exposure, and animals will be sacrificed' at 2, 4, 8, 16, ai)d 
32 weeks. Scoring will include assessment of presence and distribution of both 
- ‘4 inflammatory changes (granulocytes, histiocytes, lymphocytes, fibrin) and fibro- ’ 
sis. Conditions of bacteriologic control and irradiation will be varied 1 to min¬ 
imize infection and also death by radiation damage to other organs such as eso¬ 
phagus, heart and pericardium. 1003539539 

Biochemical 1 Measures of Degree of Fibrosis (supervised by Dr. John Daniel's) 
Two approaches to the biochemical quantification of the collagen of lung 
fibrosis will) be pursued: 

a)i Entire lungs from unilaterally irradiated mice will 1 be separated, hydrolysed 
(6 N HC1, anaerobic), and hydroxyproline content determined by Dowex 50 separa- 
tion and ninhydrin reaction on an automatic amino acid analyser 








Preliminary 




C Studies have Shown this method feasible with a Standard deviation of about 10%. ' f >,< 

.... 

o) Highly specific collagenase will be prepared by gel permeation chromatogra- 
phy and selective inhibition with N-ethyl maleimide (Peterkofsky and Diegelroann/^Hi*^ 

* ^ ' - - . ' . ( • jV , « „V. ' t ■*-' -?/t 

— -' V, *. * ' . ''‘-Vv-** ***-%.“.• ^ ’* •***• ~^ 

" * ~ ’M-Ov-L . , • , * . .-v * . *•• - - - J 4\r • ;** *>Ar * 

' \ '"v* / W - >'-x w ' , X v *. ^ •> 
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1971). Powders of irradiated lungs will be prepared in a Wiley mill', washed 
in neutral 20% NaCl and' 0.5 M acetic acid and incubated with collagenase. Sol¬ 
ubilized material will be hydrolysed and amino acid hydrolysis performed both 
to quantitate material released and to determine, independent of hydroxyproline, 
that it is collagen. Since the degree of hydlroxylation of collagen is an un¬ 
predictable variable, this second 1 method will independently assess the validity 
of the easier hydroxyproline determinations. 

Characterization of Lung Collagen 

v 

Lung collagen of mature mice (age 4 to 6 months) will be solubilized by 
limited proteolysis with pepsin (Kefalides and Denduchis, 1969; Miller, 1972; 
Daniels,-1973). In parallel studies weanling mice will be raised on a lathy- 
ritic diet (see below) and lungs sequentially extracted with 1 M NaCl, pH 7.4 
and 0,5 M acetic acid. The collagen will be purified by salt precipitation 
(Boxnstein and Piez, 1966). After denaturation, monomers (a-chains) will be 
selected by gel permeation chromatography (agarose, BioGel A 5) and separated 
by ion exchange chromatography sequentially on columns of carboxymethyl cel¬ 
lulose and diethylaminoethy1 cellulose. Isolated a-chains will be characterized 
by amino acid analysis and by peptide maps developed after limited hydrolysis 
at methionyl residues by cyanogen bromide (CNBr) (Bernstein and Piez, 1965;, 
Butler et al., 1967). 

The collagen of the fibrosis reaction will be obtained by placing adtilt 
mice on lathyritic diets immediately after maximally effective hemithoracic 
irradiation and isolating collagen without pepsin digestion. Under these con¬ 
ditions we would expect to be able to extract only the collagen synthesized af¬ 
ter exposure to radiation (while on BAPN) and thus separate the collagen of the 
fibrosis reaction from that pre-existing in normal lung. Collagen thus obtained 
will be characterized as before (chromatography, amino acid analysis and peptide 
maps) and compared with fractions isolated from normal lung. 

Administration of BAPM 

All mice will be maintained on Purina Cat Chow. This feed is in the form 
of a star-shaped' kernel with* a high surface volume ratio. £APN’ will be dis¬ 
solved in water and sprayed on the kernels (2 grams BAPN/kg food) which are 
air-dried. Feasibility studies have confirmed that this effectively produces 
lathyrism* in growing C3H mice and is without apparent toxicity over a six-month 
period for adult (4 to 6 months old) mice. 

1003539540 ' 
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Measurement of Pulmonary Compliance 

Tt is expected that the fibrosis reaction will be associated with de¬ 
creased compliance. Mice to be studied will be sacrificed by C0 2 intoxica- 





'Wk 



tion. The trachea will be percutaneously canulated with a plastic catheter 
which is secrued by a ligature. After intubation the thoracic cage is dis¬ 
sected free by removing overlying skin and transecting at the level of the 
neck and the diaphragm. The diaphragm is removed. In feasibility studies, 
we were able to obtain such preparations consistently and without air leaks 
from both normal animals and mice after irradiation 1 . Compliance is measured 
by connecting the cannula to a pressure transducer and to a calibrated syringe. 
Air is added or withdrawn in 0.1 ml increments, and 1 the intrapulmonary pressure 
is electronically recorded. 

- . 

2. Summary of Anticipated Sequence of Experiments 

‘a* Group 1. Dose/response for morphologic change with hemithoracic ir- 
• radiation. 

Dose/response for survival. Bilateral irradiation. 


lishment of in SPF C3H mice. 





*V; 


b. Group 2. Methodology for biochemical measure. Comparison of time- 

• . dependent change between irradiated and shielded hemithorax 
and selection of method (hydroxyprollne vs. collagenase re¬ 
lease). ' 

Characterization of collagen of fibrosis reaction (hemi- 
v * thoracic irradiation and lathyritic diet). ^ 

Compliance studies in sublethally, bilaterally irradiated *'.^ vV \; 
animals. ^ 

c. Group 3. Correlative studies: morphologic, biochemical and 1 mechanical 1 

changes as a function of time and dbse after bilateral ir- 
.radiation. 

Effects of 6APN on correlative studies and on , 

S0/160 days. 

General Significance of Proposed Study 100353354A 

This injury model if successfully developed will have a general utility in 
future studies. Studies of other effectors of lung injury including the entire 
range of chemical' inhalents could be extended to utilize the biochemical and 
functional techniques explored here. A model will be established which evalu- 
ates the effects of therapies in functional and biochemical as well as morphoio-^ 4 ^ 
gic dimensions. In short, the model system may provide a general experimental.. v-t>«4 
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tool for diverse problems in the etiology and treatment of pulmonary fibrosis. 

Lung collagen will be characterized in the way other collagens have been 
characterized, and the general question of whether the stractural gene for fi¬ 
brosis is the same as the gene for interstitial collagen of the affected organ 
will be approached. 

The specific question of usefulness of lathrogens in ameliorating the 

functional disturbances secondary to scar formation in radiation injury of the 

lung will be answered. This may have important implications for this same ques-/^^ 

tion in other tissues and following other injuring agents. JSfe: 

* - 
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Facilities Available - • 

«... . ’ Personal laboratory space is 400 square feet of standard design* It is. 
generally well equipped and well stocked* Common equipment facilities and con- * 
trolled temperature rooms are in adjacent space* Personal and common equipment 
capabilities include extensive column chromatographic equipment, spectrophoto¬ 
meter, recorder, pH meter, flash evaporator, C0 2 incubator, laminar flow hood, 
preparative and analytical ultracentrifuges, scintillation counters, amino acid 
analyser, High voltage electrophoresis, acrylamide gel electrophoresis, sonifier 
and a variety of partition chromatographic apparatus* Animals will be housed 
Cas noted in Methods) in. a new barrier facility under strict bacteriological 
control. / 
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